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Serinol was demonstrated in sugarcane clone 51NG97 by Pinkerton and Strobel (13) . The compound was isolated from the leaf wash extract of cane leaves and shown to be an "activator" of toxin production in attenuated cultures of the pathogenic fungus Helminthosporium sacchari. A clone normally resistant to H. sacchari, H50-7209, did not contain serinol or other activators. The results suggest that plant pathogenic fungi are able to make use of host compounds to regulate their pathogenicity. Of some importance to this phenomenon in sugarcane is the metabolic origin of serinol. Utilizing crude cellfree enzyme preparations of sugarcane, several unsuccessful attempts were made to demonstrate serinol formation via either the reductive amination or the transamination of dihydroxyacetone. Ultimately, utilizing the precedent of histidinol formation in bacteria in the work of Ames and Horecker (1), we examined the possibility that serinol arises in cane via serinol phosphate which is formed via the transamination of dihydroxyacetone phosphate. This report presents evidence for such an enzymic activity and appears to be the first report (Fig. 1A) . However, when [14C]dihydroxyacetone phosphate was used in the standard reaction mixture (minus pyridoxal phosphate), a new radioactive product appeared at the origin on the chromatogram (Fig. 1B) . This product was not present in the boiled enzyme control solution. This compound was eluted from the origin and rechromatographed on Whatman No. 541 paper in solvent system (a). Subsequently, it was eluted with H20 and treated with alkaline phosphatase for 5 hr and then chromatographed in solvent system (a); it yielded a product with the same mobility as authentic serinol (Fig. 1C) . Furthermore, when a portion of the phosphatase reaction mixture was co-chromatographed with authentic serinol by two-dimensional TLC in solvent systems (e) and (f), followed by exposure to an X-ray film, the single ninhydrin-positive spot on the thin layer plate had the same size, shape, and location relative to the single spot on the developed X-ray film [RF 0.15 solvent (a), RF 0.16 solvent (f)].
Pyridoxal phosphate was included as part of the standard reaction mixture and the solution subsequently treated with alkaline phosphatase and chromatographed by two-dimensional TLC in solvents (e) and (f). A single UV fluorescing spot appeared on the thin layer plate having the same chromatographic properties as the authentic pyridoxal phosphate derivative of serinol, RF 0.15 and 0.3 in solvents (e) and (f), respectively. These results further support the idea that a transaminase activity is present in the enzyme preparation and that the phosphorylated product (serinol phosphate), when treated with phosphatase to release phosphate, forms a pyridoxal phosphate complex with free serinol in the reaction medium.
In all paper chromatographic systems indicated in Table I Dihydroxyacetone, glyceraldehyde, glyceraldehyde phosphate, and isoserinol conceivably could have originated in the enzyme reaction mixture, but all of these compounds proved to have a different migration behavior than the radioactive compound in solvent system (a) (Fig. 1B) .
Ideally, the specific radioactivity of serinol phosphate formed in the enzymic reaction mixture should be the same as (Fig. 2) . The amount of serinol phosphate found at pH 7.5 catalyzed by 360,ug of protein increased rapidly for 10 min, then leveled off (Fig. 2) (7.5) for the formation of serinol phosphate was determined using K-phosphate and Na-borate buffer systems (Fig. 3) . The pH optimum for many plant aminotransferases is slightly alkaline (6, 14, 18 (Fig. 1) . The stoichiometry of the products of the transamination reaction in a standard reaction mixture incubated for 2 min was 0.49 Amol of serinol phosphate produced/mg protein/min and 0.5 ,umol of pyruvate. The pyruvate produced was determined using the lactate dehydrogenase assay system (4) .
The transaminase activity of the enzyme preparation was stable for several hr; however, a fresh preparation was normally used for every experiment.
Transainnase in Resistant Cane. Enzyme assays were performed exactly as described under "Materials and Methods," but using resistant clone H50-7209 as the source of leaf material for the enzyme preparation. After either 10 or 30 min of incubation of the reaction mixture followed by chromatography ketoglutarate + L-nor-ephedrin (9) . However, the one key example in the literature in which a keto phosphate is involved as an amino acceptor is that discovered in bacteria by Ames and Horecker (1), which is imidazoleacetol phosphate + glutamate -* histidinol phosphate and a-ketoglutarate. This reaction is mediated by histidinol phosphate aminotransferase (EC 2.6.1.9). Imidazoleacetol is not accepted by this enzyme as a substrate. This transaminase activity has also been found in higher plants (5) . The dihydroxyacetone phosphate aminotransferase described in this report has similarities to the imidazoleacetol phosphate enzyme; that is, it uses a keto phosphate as the amino acceptor, and cannot use the keto alcohol as a substrate (Fig. 1) . It is not known whether the enzyme preparation from sugarcane, the subject of this report, can aminate imidazoleacetol phosphate. Furthermore, it is not known if the dihydroxyacetone phosphate transaminase activity in the crude leaf preparation will also mediate the other transamination reactions observed in the preparation. The technique of using a single passage of the crude enzyme preparation through a small Sephadex column proved extremely useful in acquiring an active enzyme preparation. In fact, the transaminase activity present in the crude preparation, 0.5 ,umol/mg of protein/min, approached the activity of a purified transaminase from spinach (18) . In comparison to the inhibition of aldehyde transamination reactions in Mercurialis perennis by keto acids (8), there is not a well pronounced inhibition of the dihydroxyacetone phosphate transaminase by these acids. This suggests that the affinity of the enzyme for its keto substrate may be greater than that for its keto acid inhibitors.
Numerous lines of evidence support the conclusion that the product of the transamination of dihydroxyacetone phosphate is serinol phosphate. Treatment of the transaminated product with phosphatase produced: a) a compound with chromatographic properties identical to serinol; and b) stoichiometric amounts of phosphate and serinol. No likely products other than serinol phosphate could be identified in the reaction mixture.
Additional attention needs to be given to the phosphatases (5) of plant origin that release phosphate from serinol phosphate. The yield of the test reaction was only 0.4% of the starting material, above the control, over a 90-min incubation period. It could be the case that acid phosphatases are more effective than alkaline phosphatases in carrying out this hydrolytic reaction. Alternatively, there may be a plant phosphatase which is active on serinol phosphate that is membrane-bound. It appears that all of the enzymes required to carry out the biosynthesis of serinol are present in sugarcane clone 51NG97 (13) . The sequence of reactions is illustrated in Figure 4 .
Serinol phosphate was shown to possess toxin activation properties in attenuated cultures of H. sacchari; however, it is conceivable that the fungus first cleaved the phosphate from serinol phosphate resulting in serinol which had previously been shown to be an activator (13) . This point deserves further study.
There is no question,about the fact that dihydroxyacetone phosphate transaminase activity could not be demonstrated in clone H50-7209. This supports the previous work of Pinkerton and Strobel (13) who were unable to demonstrate serinol in this cane clone that is resistant to eye-spot disease. Although resistance to the toxin in clone H50-7209 has been related to the absence of an active binding protein (16) , it seems apparent from this study that other relationships may be involved in the eye-spot disease of cane. For instance, it is apparent that the pathogen is able to take chemical cues in order to regulate the amount of toxin that it can produce in culture. We could therefore predict that there are cane clones in the world that could be quite susceptible to H. sacchari by virtue of an active binding protein; however, such clones could conceivably escape infection by an attenuated isolate of H. sacchari if a toxin activator substance were not present. It seems possible that many pathogenic organisms could use key host metabolic intermediates as compounds to regulate aspects of their pathogenicity, such as toxin production.
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